Background: The selection of a pre-shaped microcatheter or a shaping method must be carefully considered for successful aneurysm coiling. The objective of this report is to verify the use of intravascular placement to establish an appropriate microcatheter shape. Methods: Fifteen patients (15 aneurysms) were included in this study because of the predicted difficulty of microcatheter insertion and stabilisation. The SL-10 straight microcatheter was inserted into the parent artery until the tip of the catheter passed through the neck of the aneurysm. After 5 minutes, the microcatheter was pulled out and the shape acquired from intravascular placement was confirmed and compared with the three-dimensional rotational angiography. In addition, the microcatheter tip was steam-shaped for coiling and coil embolisation was performed. A silicone flow model was also used to confirm our findings. The first experiment compared the bend angle in four different microcatheters placed in the model for 5 minutes. In the second experiment, the SL-10 straight microcatheter was placed in the model, and the bend angle was measured at 2.5, 5, 7.5 and 10 minutes to observe the changes in bend angle over time.
Introduction
The shape of the microcatheter is the most important factor in aneurysm coiling procedures. Several methods for shaping microcatheters have been reported. [1] [2] [3] [4] However, determination of the most suitable shaping method, or the selection of a pre-shaped microcatheter, remains controversial.
During aneurysm coiling procedures, we have found that the SL-10 straight microcatheter, once inserted into the patient's vessel, bends according to the vessel's shape. Repositioning the microcatheter by simply moving the catheter with short strokes alone is difficult because some microcatheters acquire the shape of the patient's vessel within the body. We aimed to verify whether this acquired shape could be used for coil embolization. In this study, we treated complex aneurysms using intravascular shaped SL-10 microcatheters and determined their effectiveness. Using a silicone flow model, we examined which microcatheter most easily acquired the vessel shape, and we measured the time required for intravascular placement to shape the microcatheter into a stable position.
Materials and methods
We treated 144 aneurysms in 140 patients from January 2011 to January 2016. Of these, 15 patients (15 aneurysms) were selected for this study because of the predicted difficulty in microcatheter insertion and/or stabilisation in these patients. Informed consent was obtained from all patients. A summary of each case is shown in Table 1 . Nine cases were anterior circulation aneurysms and five were coil compaction cases, which were selected for complete occlusion by stabilising the catheter.
Catheter shaping and insertion method
The SL-10 straight microcatheter (Stryker Ltd., Michigan, USA) was used during treatment. During the procedure, the SL-10 straight microcatheter was inserted and advanced to the site of the aneurysm. The catheter was then positioned through the neck of the aneurysm and left within the vessel for over 5 minutes. The distance through the neck of the aneurysm was the same distance that the tip of the catheter needs to reach to be in the appropriate position within the aneurysm, after the tip of the catheter has been shaped with steam. After 5 minutes, the SL-10 was pulled out and the acquired shape was compared with the shape obtained by three-dimensional (3D) rotational angiography (3DRA) of each patient. The change in microcatheter shape was presumed to be due to intravascular placement. After confirming the integrity of the acquired shape from the patient's vessel, the tip of the catheter was steam-shaped for optimal positioning within the aneurysm. We then conducted coil embolisation by reinserting the newly shaped catheter.
The SL-10 was advanced through the neck in the parent artery once; however, there were two cases (cases 10 and 12) in which the straight catheter was inserted directly into the aneurysm in an inappropriate position and shaped by intravascular placement. For these two cases, we advanced the assist balloon catheter first, and then inserted the straight SL-10 catheter into the aneurysm and waited five minutes. Then we shaped the catheter tip in the appropriate position and reinserted it to the aneurysm.
Flow model validation
We performed two additional flow model experiments to decide which catheter was more easily shaped by intravascular placement and to determine the required time for shaping ( Figure 1 ). Experiment 1: A silicone aneurysm flow model (Flow tech TM 201), a silicone aneurysm model and four types of straight-shaped microcatheters (SL-10, Headway 17 (MicroVension Ltd., California, USA), Neurodeo (Medico's Hirata Inc., Osaka, Japan), Echelon 10 (Covidien Ltd., Dublin, Ireland)) were used in this validation experiment. All catheters used for our experiments were new. Saline warmed to 37 C was used in the model. The microcatheter was inserted into the model and advanced through two 90 curves, creating two bends in the catheter. After 5 minutes in the model, each microcatheter was pulled out and the angles of the newly formed bends were measured. A total of six angles were measured and used to calculate the average bend angle for each type of microcatheter. Experiment 2: The angle of the SL-10 was measured after 2.5, 5, 7.5 and 10 minutes of placement within the model. A total of four angles were measured and used to calculate the average bend angle for each minutes.
Results
The SL-10 microcatheter, placed in the patient's vessel for 5 minutes, subtly acquired the shape of the vessel in all 15 cases in this study. Coil embolisation was completed by using the intravascular shaped catheters in 13 out of 15 cases. In two cases, the shape of the catheter tip failed to match the acquired shape. We used the methods described by Namba et al. 4 to determine the ease of microcatheter insertion. Microcatheters were inserted with a simple push or pull motion (excellent) in five cases, and by guidewire navigation (moderate) in eight cases. We used terminology from a study by Roy et al. 5 to describe the result of each embolisation. Complete occlusion was achieved in six cases, while residual necks remained in another six cases and a residual aneurysm in one case. In the 11 cases treated with intravascular shaped catheters, the SL-10 remained stable until the completion of the procedure. In the other two cases (cases 1 and 10), catheter repositioning was required to achieve tighter packing of the aneurysms.
Representative case
Case 1: A 51-year-old man presented with a ruptured anterior communicating artery (ACoA) aneurysm. For the first treatment, we used a straight SL-10 catheter. The SL-10 straight catheter was inserted in the front portion of the aneurysm and coil embolisation was performed in the neck remnant. After 8 months, coil compaction occurred. Re-treatment was planned for coil compaction. The patient had an accessory anterior cerebral artery aneurysm that occurred at the junction of the left A1 segment and the accessory cerebral artery. The left anterior oblique view in the angiography showed recurrence of the aneurysm (Figure 2(a) ). The SL-10 microcatheter showed a slight curve when pulled out of the packaging because of the package shape (Figure 2(b) ). The straight catheter was inserted into the patient's vessel and advanced to the appropriate position through the neck of the aneurysm (Figure 2(c) ). After being placed in the patient's vessel for 5 minutes, the SL-10 acquired two curves corresponding to the internal carotid artery-A1 junction and the infraclinoid curve ( Figure  2(d) ). Steam was then used to provide additional shaping to the catheter tip (Figure 2(e) ). The reshaped SL-10 was then smoothly reinserted into the aneurysm (Figure 2(f) ). Repositioning of the catheter was needed only once to finish coil insertion, and was easily achieved because of the matching shapes. Complete occlusion of the aneurysm was successfully performed (Figure 2(g) ). (Figure 3(a) ). Therefore, the 
Results of the flow model validation

Discussion
Several methods for selection and shaping of the microcatheter used in an aneurysm coiling procedure have previously been described. In one study, the tip of the microcatheter was shaped according to the actual size of the vessel observed in the 3DRA on the monitor. 1 In another study, internal carotid artery paraclinoid aneurysms were divided into three groups (superior, medial and other). S-shaped catheters were effective for the superior group, pigtail-shaped catheters for the medial group and primary-shaped (45 , 90 , J) catheters for all other groups. 2 In another study, a 3D printer was used to make a model that corresponded to the actual size of the patient's own vessel, and the shape of the microcatheter was determined from that model. 4 As the location of each aneurysm in relation to the parent artery varies, the shape of the microcatheter must be determined for each individual case. In this study, the SL-10 microcatheter was placed in the vessel for 5 minutes so that it could acquire the subtle shape corresponding to that of the vessel. In this way, various relationships between the parent artery and aneurysm were retained because the microcatheter was shaped from the patient's actual vessel.
We evaluated four types of microcatheters to decide which catheter could most easily be shaped in a silicon flow model. Among the four types of microcatheters tested (SL-10, Headway 17 (MicroVention Ltd.), Neurodeo (Medico's Hirata Inc.), Echelon 10 (Covidien Ltd.)), the SL-10 was manipulated most easily to bend to the shape of the flow model. These four catheters are bladed catheters but the structure and material of each blade is different. The SL-10 has a stainless coil blade, the Headway and Neurodeo have stainless mesh blades, and the Echelon 10 has a nitinol mesh blade. These differences in material and structure allow the SL-10 microcatheter to be the most easily shaped in the vessel using this method. We initially placed the SL-10 straight catheter in an objective position and waited for 5 minutes. During the waiting period for SL-10 intravascular shaping, we advanced the assist balloon catheter or stent assist catheter. If the SL-10 moved slightly with the interaction, we adjusted the SL-10 position suitably. Although it is not good practice to move the SL-10 catheter during intravascular shaping, this was done in order to save time. Furthermore, the assist catheter may possibly interact with SL-10 catheter reinsertion. If time permits, the SL-10 may be advanced after assist catheter insertion. The time allowed for intravascular shaping was 5 minutes, because this did not add any undue burden to the treatment. In theory, the more time spent within the vessel, the more accurate the shape that the catheter acquires. However, Figure  3 (b) shows that the bend angle of the SL-10 stabilises after 5 minutes. If more time could be allowed for shaping, the ability of the SL-10 to maintain the acquired shape might increase. In future studies, we would like to examine the time necessary for intravascular shaping.
The shape acquired by the SL-10 microcatheter after intravascular placement is subtle compared to ordinary steam shaping. Rigid bends and high temperatures are usually required to shape the microcatheter to correspond to the vessel's shape. While a microcatheter that corresponds to the complete shape of the vessel shows high stability during coil embolisation, 2,4 it can occasionally stop or jump within the patient's vessel, interfering with insertion into the aneurysm. Using intravascular placement, the acquired shape of the catheter is more subtle, although it gives a good impression of how the microcatheter will naturally advance in the vessel, specifically around the aneurysm. Therefore, this shaping method allows for easier handling of the microcatheter during insertion into the aneurysm.
When shaping the SL-10 microcatheter in the patient's vessel, the catheter should advance to the target position without stopping, to ensure that the catheter acquires the correct shape. For example, if the SL-10 is inserted with an assist balloon catheter and is placed at a non-target vessel position to await the advancement of the balloon catheter, it will acquire the shape of the non-target position. Therefore, it is important to advance the SL-10 to the target position as efficiently as possible. To shape the catheter tip further to an intravascularly shaped catheter, we measured the distance and angle from the parent artery of the aneurysmal neck to the intra-aneurysmal microcatheter tip position by 3DRA, and placed the catheter tip through the same distance across the aneurysmal neck in the parent artery basically. After intravascular placement, we confirmed the shape of the catheter with the patient's 3DRA, and we shaped only the catheter tip by steam, in order to avoid breaking the intravascular shaping. Our shaping method requires technical expertise to make proper steam-shaping of the tip of the catheter without destroying the acquired shape. In this study, two out of 15 cases (cases 4 and 13) could not be treated using this method because of a failure to match the shape of the catheter tip to the acquired shape during intravascular placement. In our cases, problems did not occur due to the distal curve of the parent artery at the aneurysm, but a tortuous vessel curve around the aneurysm has the possibility to affect intravascular shaping. We continue to confirm how a tortuous curve of the parent artery can complicate this method.
When the catheter is reinserted, we assumed that rotating the catheter in different directions will become challenging. However, difficulty during microcatheter reinsertion was encountered in only one case (case 4). We believe that the acquired shape compensates for the rotational difference in the corresponding vessel shape.
It has been reported that the microcatheter will lose its shape during passing of the guidewire or coil delivery wire. 6 However, in this study, the shape of the microcatheter remained remarkably unchanged during coil embolisation, except for the need to steam-shape the tip of the catheter. This is because the patient's vessel supports and maintains the shape of the microcatheter during embolisation.
Conclusion
Intravascular placement may be a simple and effective way to shape the SL-10 microcatheter during aneurysm coiling. We believe this shaping method should be used when treatment requires microcatheter stability to compress the aneurysm tightly.
